and Zn (122.6 mg·kg -1 d.m.). In turn, after the second year of vegetation, all of the tested metals are characterized by a lower absorption as compared to the first year. In the case of reed canary grass, Cd and Zn content in the biomass after the second year of vegetation was similar to the control, while the Ni concentration was lower in relation to the control. In the case of Miscanthus giganteus L., it was observed that the concentration of Ni and Zn in the biomass after the second year of vegetation was similar to the control, while the Cd content varied in dependence on the applied fertilizer.
Introduction


Environmental contamination with heavy metals is becoming more and more serious problem. It results from continuous industrialization, which leads to the distortion of natural biogeochemical cycles. Heavy metals, in contrast to the organic pollutants are generally non-biodegradable and thus accumulate in the environment, which is a serious threat to both the environment and human health. In soil, heavy metals cause toxicological effects on soil microbes, which may lead to a decrease in their numbers and activities. Therefore, the purification of soil with heavy metals is necessary in order to minimize their impacts on ecosystems. This is an extremely difficult task considering the efficiency and technical considerations processes. There are many of physical, chemical and biological properties used for the purification of soil contaminated by heavy metals.
However, conventional methods face many limitations such as high cost, intensive work, irreversible changes in soil or disturbance of native soil microflora. This is why the method of treatment will be cost-effective, environmentally friendly and most importantly efficient. One such method is phytoremediation, which is considered as a green alternative to solve the problem of heavy metal contamination [1] [2] [3] [4] .
Phytoremediation is limited by small yields of biomass and a shallow root system [5] [6] [7] . Therefore, more and more attention has been given in recent years to plants with high biomass yield. Although these plants absorb rather average amounts of metals, the total amount of the metals concentrated in the biomass yield might be comparable or even higher than in hyperaccumulators. Reed canary grass has a highly developed root system with a long horizontal stems growing below the soil surface. This plant has no high demands on the quality of the soil, but does not tolerate salinity. The optimal pH for growth of this species is in the range 7.7-8.2. Reed canary grass can be used in phytoremediation of soils degraded by heavy metals. Research shows that this species is well suited for the treatment of contaminated soil with Zn, and in the case of soils contaminated with Cd, Cu and Pb treatment is inadequate [8, 14] .
In addition, cultivation of energy crops on degraded lands are desirable direction in development, since apart from reclamation, they might also be used for energy generation. This aspect is very important because of the need for development of energy obtained from renewable sources. In order for Poland to comply with the provisions of the EU's energy policy, the country is obliged to increase production of renewable energy from about 6% to 15% by 2020 [15] [16] [17] [18] [19] . This paper presents the influence of fertilization in cultivation Miscanthus giganteus L. and Phalaris arundinacea L. on the process of phytoremediation of Cd, Ni and Zn.
Material and Methods
Container Experiment
Twelve containers with volume of 240 L were used in the experiment. Each of them contained soil samples from the area of impact of the Częstochowa steelworks (Poland, Silesia region). The granulometric data indicated that the soil was medium sandy loam. Physicochemical characteristics of the soil used in the experiment are shown in Table 1 .
In order to fertilize the soil with a sediment substrate, the top layers of soil from eight containers were mixed with the sewage sludge which accounted for 10% by weight. The soil in the first four containers was mixed with the sewage sludge from municipal wastewater treatment (OW), while the content of the other four was added the sludge from industrial wastewater treatment (OJ). The remaining four containers were controls. The content of heavy metals in the sewage sludge used in the experiment is shown in Table 1 . After preparation, the containers were left for two weeks in order to ensure the geochemical equilibrium. After this time, the mixtures of soil with sewage sludge were used for planting 
Methodology
Research material consisted of plant biomass samples collected from 12 containers after the growing season. The aerial parts of plants were cut at the height of 5 cm above the soil, and then the plants were counted, measured and weighed. After drying, the plant material was ground in an electric grinder.
Soil samples were analyzed for pH, CEC, total carbon, total N and available P. The pH values (pH in H 2 O and pH in 1 M KCl) were measured by means of the pH-meter Elmeton CPO-401 according to PN-ISO 10390:1997. Cation Exchange Capacity (CEC) was measured using the Kappen method [20] . Total Carbon (TC) was determined after dry combustion in 
Results and Discussion
The Impact of Modified Fertilization on Cd Content in the Biomass of Miscanthus giganteus L. and Phalaris arundinacea L.
Cd content in the biomass of Miscanthus giganteus L. (Fig. 1) significant increase. In the second year of the experiment, a significant decrease in the concentration of Cd was observed in the biomass of reed canary grass compared to the first year. However, it was found that modification of organic with mineral fertilization contributed substantially to the absorption of Cd in the biomass of reed canary grass. The addition of sewage sludge to soils contaminated with heavy metals causes a decrease in the concentration of bioavailable forms of Zn and Cd [21] . However, the present study did not confirm this effect-the addition of sewage sludge into the soil increased the concentration of Cd compared with the non-fertilized soil. In addition, the literature gives inconclusive relationship between the availability of metals to plants and the degree of contamination by soil. Some researchers describe the close relationship among these characteristics, while others show a correlation between the total content of heavy metals in soil and the amount collected by plants [22] .
The results show that the capability of accumulation of Cd in both Miscanthus giganteus L. and reed canary grass is comparable. Literature data show that the aerial parts of Miscanthus giganteus L. accumulate the largest quantities of Cd [13, 23] , and, in the case of reed canary grass, the removal of Cd is average [14] .
The Impact of Modified Fertilization on Ni Content in the Biomass of Miscanthus giganteus L. and Phalaris arundinacea L.
The Ni content in the biomass of Miscanthus giganteus (Fig. 2) In the second year of the experiment, a decrease in the concentration of Ni in the biomass of reed canary grass after modified fertilization was found, both for the combination of OW + urea or in the combination of OJ + urea. In general, the addition of organic matter to the soil causes immobilization of metals through sorption. This consequently leads to a reduced content of free metal ions that can be absorbed by plants [24, 25] . The present study confirmed these observations for Ni. The addition of sewage sludge to the soil with Miscanthus giganteus L. caused a more intensive sorption of Ni and reduced Ni accumulation in the first year of the experiment. In a study on energy crops, Yelena [13] demonstrated that Miscanthus giganteus L.' roots accumulate the largest amount of Ni. This study found that Miscanthus giganteus L. and reed canary remove Ni from the soil to a similar extent.
The Impact of Modified Fertilization on Zn Content in the Biomass of Miscanthus giganteus L. and Phalaris arundinacea L.
The Zn concentration in the biomass of Miscanthus giganteus L. (Fig. 3) during the whole process ranged plant and even its species [26] . This study demonstrated that reed canary grass exhibits a greater capability of accumulation of Zn in its tissues compared to Miscanthus giganteus L.. This is confirmed by Baryła [14] , who demonstrated that reed canary grass is best suited for treatment of soils contaminated with Zn as it accumulates this element in the largest content.
Conclusions
Modified fertilization has an impact on the quality of biomass energy crops, but it depends on the type of a plant and a heavy metal.
The 
